favorably related to the function in several cognitive domains, including episodic memory, psychomotor speed, and executive function, in late life. However, it is not clear whether the association is causal, what is the possible mechanism, and what would be a safe limit of drinking for the best cognitive function.
cognitive function [3] or attention [4] as compared with nondrinkers, but moderate drinkers to have less decline in cognition [5, 6] or psychomotor speed [7] than nondrinkers. Further, some studies [8, 9] showed no association at all. The associations between current cognitive performance and alcohol drinking 5-20 years earlier have also been studied, with varying results: the global cognitive function may be poorer among both alcoholics and past drinkers as compared with nondrinkers or moderate drinkers [10] and better among moderate drinkers and poorer among heavy drinkers as compared with nondrinkers [11] . Further, psychomotor flexibility and speed may be better among moderate drinkers, but the memory was better among heavy drinkers than among nondrinkers [12] . In several cross-sectional studies, moderate alcohol drinking as compared with nondrinking has been associated with a better function in many cognitive domains [13] [14] [15] [16] . On the other hand, both better [16] [17] [18] and poorer [14] cognitive performances with higher levels of alcohol drinking have been observed. At the same time, a number of studies have found no associations between alcohol drinking and several cognitive functions [15, 17, 19, 20] . Further, alcohol drinking is one of the possible determinants of clinical dementia [21] [22] [23] .
Studies on the interaction between smoking and alcohol drinking have yielded inconclusive results [4, 19] . Further, a significant association between alcohol drinking and several cognitive measures has been proposed especially among women [12, 15, 17] . The role of alcohol for the cognition might be modified by the presence of the apolipoprotein E allele epsilon 4 (ApoE4) [3, 13] , but the patterns of interaction suggested have been different. One study investigating the effect of different types of alcohol on the cognitive function found no beverage-specific differences [10] .
The results of the previous studies on alcohol drinking and cognition have varied greatly, and studies with long follow-up periods are few. It is possible that over time, and maybe associated with the cognitive decline, alcohol drinking will change, and, therefore, long-term followup studies are needed to clarify the issue. In our previous study [21] , we have shown that midlife alcohol drinking was associated with an increased risk of dementia, especially among the ApoE4 carriers. The aim of our current study was to investigate whether alcohol drinking in midlife is associated with the cognitive functions later on in a nondemented population of elderly persons. We also evaluated which aspects of the cognitive function were most associated with alcohol and whether smoking, sex, or ApoE4 would modify the association between alcohol drinking and cognitive functions. In the secondary analyses, we investigated also whether there were beveragespecific differences.
Subjects and Methods

Study Participants
The participants of the Cardiovascular Risk Factors Aging and Dementia (CAIDE) study were derived from random population-based samples in two geographical areas in Eastern Finland. They were first studied in 1972, 1977, 1982, or 1987 within the framework in North Karelia Project and FINMONICA Study [24] . The participation rates of these surveys were around 90%. A random sample of 2,000 survivors aged from 65 to 79 years in 1997 were invited for reexamination in 1998 [25] . Altogether 1,409 of these subjects (70.5%) completed the reexamination. The population of the present study comprised 1,341 nondemented participants (68 demented persons were excluded) at follow-up: 835 women (62.3%) and 506 men (37.7%). The mean age (SD) of the population was 50.2 (6.0) years at the time of the midlife examination and 71.1 (4.0) years at the follow-up examination. Due to the differences in alcohol-related questions between different baseline years, our main analyses are focused on the persons who were first included in 1972/1977 (n = 972). In the secondary analyses regarding different alcoholic beverages, the sample of persons included in 1982/1987 (n = 369) was used. Six persons were excluded due to missing alcohol information from the main analyses (1972/1977) and 56 persons from the secondary analyses (1982/1987) . The ethics committees of the University of Kuopio and the Kuopio University Hospital, Kuopio, Finland, approved the study. Written informed consent was obtained from all participants in 1998.
Methods
The survey methods used during the baseline (midlife) visit were standardized following international recommendations [26] . The survey included a self-administered questionnaire on health behavior, health status, medical history, and socioeconomic factors. Blood pressure, height, and weight were measured, and a venous blood specimen was taken. During the reexamination in 1998, the survey methods followed those utilized in the previous surveys. Additionally, the ApoE genotype was determined [27] and the cognitive status assessed [25] .
Measurement of Alcohol Drinking
The questions concerning alcohol drinking varied between the different baseline sampling years. In the 1972 and 1977 questionnaires (n = 966), the frequency of overall alcohol drinking was determined. People were classified into three groups: those who never drank alcohol (referred to as 'never'), those who drank less frequently than once per month ('infrequent'), and those who drank once per month or more often ('frequent'). Furthermore, the effect of change in drinking between midlife and late life was analyzed by grouping the persons into all nine possible classes, i.e., never drinker in midlife and never drinker in late life, etc. In the 1982 and 1987 questionnaires (n = 313), the consumption of beer, wine, spirits, and 'soft drink mixes' during the previous week was inquired. This was used to evaluate the effect of speNgandu /Helkala /Soininen /Winblad / Tuomilehto /Nissinen /Kivipelto cific beverages. Furthermore, the total weekly alcohol intake (g/ week) was determined. The people were divided into three categories (nondrinkers, drinkers divided into two groups at the median) to allow for nonlinear effects. In the calculations, the following alcohol contents were used: a bottle of beer containing 12.5 g of alcohol, a glass of wine containing 12 g, a drink of spirits containing 12 g, and a 'soft drink mix' containing 14.5 g of alcohol.
In the follow-up examination in 1998, the questions were comparable to those of the baseline years, but additionally, the weekly consumption of cider/light wine (alcohol content 6 g) was queried, and a question on whether a person had quit drinking any time prior to the 1998 examination was included.
Measurement of the Cognitive Functions
All participants were proposed a battery of cognitive tests in the late-life examination. The Mini-Mental State Examination (MMSE) [28] was administered to measure the global cognitive function (12 subjects had missing information on MMSE). The episodic memory was assessed with a test of immediate word recall [29, 30] (18 subjects missing). The mean number of the correct words in three different word lists of 10 words was calculated. The semantic memory was assessed with the category fluency test [31] (10 subjects missing). The score was the number of correct animal names generated within 60 s. The psychomotor speed was analyzed using the sum of the normalized scores in the bimanual Purdue Pegboard Test [32] and the letter digit substitution test [33] (100 subjects missing). The correlation between the two tests was r = 0.479 (p ! 0.001) which indicated that they are measuring the same dimension. Executive function was defined as the difference in the time used in the Stroop trial of naming the color of the ink used to write the name of another color and the trial of naming colors of dots [34] (69 subjects missing). In the prospective memory task [35] , at the beginning of the test session, the subjects were asked to remind the investigator that he/she must sign a paper at the end of the test session (174 subjects missing). The scores in the test were: remembering without reminder (score = 4), remembering with one reminder (score = 3), remembering with two reminders (score = 2), or not remembering (score = 1). Subjective memory was defined as a mean result of 22 questions [36] , all ranging from one to four, with four being the lowest subjective memory (19 subjects missing).
Statistics
The bivariate comparisons of the characteristics of the participants were done using 2 test, t test, and analysis of variance, as appropriate. To analyze the effect of alcohol drinking on cognition, analysis of covariance models were used for all cognitive tests, with Bonferroni adjustments for multiple comparisons. The analyses were first adjusted for age, sex, education, and follow-up time and, additionally, also for midlife vascular factors (systolic blood pressure, body mass index, total cholesterol level, smoking status), ApoE4 carrier status, late-life history of myocardial infarction, stroke and diabetes, late-life living status (alone/with partner), income level (lower/higher), and depressive symptoms [37] . We tested for interactions between alcohol drinking and smoking, sex, and ApoE4 by including the interaction terms into the model as well as by carrying out analyses stratified by smoking, sex, and ApoE4 status. The statistical analyses were conducted with the SPSS for Windows, version 12.0.1 (SPSS, Chicago, Ill., USA). Midlife (1972 and 1977) Approximately 30% of the participants did not drink alcohol at the time of the midlife examination, 40% drank infrequently, and 30% drank frequently ( table 1 ) . The never drinkers were older, less educated, and more often women. Smoking was more prevalent among frequent alcohol drinkers and among men (76%), whereas among women, only 23% were smokers. In late life, the midlife never drinkers more often belonged to the lower income category and lived alone and had higher scores on the Beck Depression Inventory.
Results
Characteristics of the Study Participants according to Their Alcohol Drinking Frequency at
Alcohol Drinking Frequency at Midlife (1972 and 1977) and Late Life (1998) Examinations and Cognitive Function in Late Life
In the fully adjusted analyses among all participants, never drinkers at midlife performed significantly poorer than infrequent and frequent drinkers in episodic memory, executive function, and psychomotor speed in late life ( table 2 ) . Never drinkers at midlife also performed poorer than frequent drinkers in prospective memory. In the cross-sectional analyses, the never drinkers in late life performed poorer than the other two groups in executive function and psychomotor speed and poorer than frequent drinkers in episodic and prospective memory. Furthermore, the infrequent drinkers in late life performed poorer than frequent drinkers in episodic and prospective memory. Exclusion of those who reported having quit drinking (n = 86) at any time prior to the 1998 examination did not change the results.
In the analyses carried out separately among smokers and nonsmokers, we found that significant results were mostly seen among nonsmokers ( table 3 ) . No differences in cognition according to the midlife drinking frequency were seen among smokers. There were significant interactions between midlife alcohol drinking frequency and smoking in episodic memory (p = 0.01) and psychomotor speed (p = 0.01); the cognitive performance increased with increasing alcohol drinking frequency among nonsmokers, while among smokers there was no association. Among smokers, there was a poorer performance in prospective memory among late-life infrequent drinkers as compared with frequent drinkers (p = 0.01). There were no significant interactions between the late-life drinking frequency and smoking.
Among women, the never drinkers at midlife had a poorer episodic memory and psychomotor speed as compared with infrequent and frequent drinkers in the fully adjusted model (results not shown). Among men, there was a poorer executive function among midlife never drinkers as compared with the other groups. Regarding late-life alcohol drinking, women who were never drinkers had poorer episodic memory and psychomotor speed as compared with frequent drinkers. Among men, never drinkers in late life had a poorer executive function as compared with frequent drinkers, and the infrequently drinking men had a poorer episodic, semantic, and prospective memory as compared with frequent drinkers. There were no significant interactions between sex and alcohol drinking frequency.
The analyses stratified by the presence of ApoE4 allele showed that the associations between midlife alcohol drinking frequency and episodic memory, executive function, and psychomotor speed were similar to those of the main analyses, but significant only among the ApoE4 noncarriers in the fully adjusted model (results not shown). An association between late-life drinking frequency and psychomotor function was found among the ApoE4 noncarriers. However, there were no significant interactions between the ApoE4 status and the alcohol drinking frequency at midlife or in late life for the cognitive functions studied.
Most of the persons reported a similar drinking frequency both at midlife and late-life examinations. Those that were never drinkers on both occasions had a poorer performance in episodic memory as compared with those that reported infrequent or frequent drinking at midlife and frequent drinking in late life ( table 4 ) . Never drinkers at both examinations had also poorer results in psychomotor speed as compared with those who were infrequent drinkers at midlife and infrequent or frequent drinkers in late life or with those who were frequent drinkers on both occasions. In the majority of the tests, those who were frequent drinkers at midlife but nondrinkers in late life had the poorest results, but the differ- Values are adjusted mean scores (SE) from covariance analyses.
a p 1 is the p value for the difference between never and infrequent drinkers; p 2 for the difference between never and frequent drinkers, and p 3 for the difference between infrequent and frequent drinkers. In the cognitive tests used, the higher result means a better performance, except for the subjective memory and executive function, where the lowest result is the best performance. Bonferroni adjustment was used for multiple comparisons. Only p values ^ 0.10 are given. Model adjusted for age, sex, education, follow-up time, ApoE4 carrier status, midlife vascular factors (systolic blood pressure, body mass index, total serum cholesterol, smoking), and late-life income, marital status, depression, and history of myocardial infarction, stroke, and diabetes mellitus. Values are adjusted mean scores (SE) from covariance analyses. a p 1 is the p value for the difference between never and infrequent drinkers and p 2 for the difference between never and frequent drinkers. In the cognitive tests used, the higher result means a better performance, except for the subjective memory and executive function, where the lowest result is the best performance.
Bonferroni adjustment was used for multiple comparisons. Only p values ^ 0.10 are given. Model adjusted for age, sex, education, follow-up time, ApoE4 carrier status, and midlife vascular factors (systolic blood pressure, body mass index, total serum cholesterol, smoking) and late-life income, marital status, depression, and history of myocardial infarction, stroke, and diabetes mellitus. ences were not significant. We repeated the analyses with full adjustments and excluded persons who had quit drinking: persons who were never drinkers at both time points still had a poorer executive function as compared with those who were infrequent drinkers on both occasions (p = 0.02).
Alcohol Types, Quantity of Alcohol Drunk in Midlife (in 1982 and 1987) and in Late Life (1998), and Cognitive Functions in Late Life
We could obtain more detailed information of midlife alcohol drinking from those subjects who were included in the CAIDE study in 1982 and 1987 (n = 369), and, therefore, we conducted secondary analyses in this smaller group. The majority of the participants reported that they had not drunk beer (83%), wine (78%), or spirits (73%) during the previous week. Among women, it was more frequent to report that they had not drunk any alcoholic beverages during the previous week than among men (70 vs. 35%). Most of those who had drunk beer drunk one or two bottles (69%), and the maximal consumption was 14 bottles/week. The majority of wine drinkers drank one to two glasses (77%), and 55% of the spirit drinkers had drunk one to two drinks. Values are adjusted mean scores (SE) from covariance analyses. Groups that differ from each other are printed in bold. a p < 0.10; * p < 0.05. In the cognitive tests used, the higher result means better performance, except for the subjective memory and executive function, where the lowest result is the best performance. Bonferroni adjustment was used for multiple comparisons. Model adjusted for age, sex, education, and follow-up time. Values are adjusted mean scores (SE) from covariance analyses. All differences between groups were p > 0.10. In the cognitive tests used, the higher result means better performance, except for the subjective memory and executive function, where the lowest result is the best performance. Bonferroni adjustment was used for multiple comparisons. Model adjusted for other beverage types, age, sex, education, and follow-up time.
For the corresponding late-life analyses, similarly, only the persons who had had their baseline examination in 1982 and 1987 were included. The majority of the participants reported at the late-life examination that they had not drunk beer (82%), wine (78%), or spirits (72%) during the previous week.
Drinking of wine, beer, or spirits (weekly consumption divided into nondrinkers and drinkers with low and high consumption from the median value) at midlife ( table 5 ) or in late life was not associated with any of the cognitive functions in the analyses adjusted for other beverage types, age, sex, education, and follow-up time. The total weekly alcohol drinking at midlife or in late life (all alcohol types combined, categorized into three groups) was not associated with any of the cognitive functions investigated.
A total of 84 participants reported that they had quit drinking any time prior to the 1998 examination. The quitters had a poorer performance in psychomotor speed (p = 0.00) in the analyses adjusted for sociodemographic variables, but this difference was no longer significant, when full adjustment was applied.
Nonparticipants
The nonparticipants (n = 542) of the follow-up visit were older, less educated, and had higher systolic and diastolic blood pressures, total serum cholesterol levels, and body mass index values, and they were more often smokers at midlife than the participants (n = 1,341). There were equal proportions of men and women among nonparticipants and participants. The midlife alcohol drinking frequency was similar in the two groups. The nonparticipants drank more beer than the participants, but both groups drank equal amounts of wine and spirits.
Discussion
Our study investigated the relationship between midlife alcohol drinking and late-life cognitive functions as well as between late-life alcohol drinking and late-life cognitive functions. The nondrinkers had a poorer cognitive performance than drinkers, especially in the domains related to fluid intelligence, i.e., executive function, psychomotor speed, as well as episodic memory, whereas the other cognitive functions showed little association with alcohol drinking.
Our results are in accordance with some of the earlier findings showing that moderate drinkers perform better in certain domains of cognition [5] [6] [7] [11] [12] [13] [14] [15] [16] [17] [18] . Interestingly, this type of relation has been found in different populations with respect to their alcohol drinking, and with varying definitions of moderate drinking. This may indicate that perhaps moderate lifestyles in general, which can vary across cultural environments, can protect from cognitive deterioration. Alcohol drinking might be an indicator of a more complex pattern of social and lifestyle factors which may be difficult to determine exactly. For example, moderate alcohol drinkers may have psychosocial benefits [38] . Another possibility is that the dose-effect discrepancy would be due to a large underreporting of alcohol drinking in certain populations.
The role of alcohol drinking for the cognitive functions might be somewhat different at different time points. At both midlife and late life examinations, the never drinkers had a poorer performance in several cognitive domains than drinkers. The late-life frequent drinkers had a better performance than the infrequent drinkers in episodic and prospective memory, whereas the midlife frequent and infrequent drinkers did not differ from each other in any of the cognitive domains. One explanation can be that the persons who were frequent drinkers still in late life were in better health. The adjustment for the presence of several cardiovascular risk factors and diseases did not eliminate these results. However, it is possible that there still is some residual confounding related to a greater morbidity among the never drinkers and the infrequent drinkers. Another possibility is a 'reverse causation', i.e., that at old age the persons with cognitive problems have stopped or reduced their alcohol consumption, leading to a falsely positive association between old-age frequent alcohol consumption and cognitive functioning. Accordingly, we observed that the persons who reported in late life that they had quit drinking had a somewhat poorer performance. Demented persons were excluded from our analyses, but probably there were persons with preclinical dementia in the sample. If people with preclinical dementia were those who had reduced their drinking (or forgot what and how much they had drunk), then the finding that never drinkers had a poorer performance than frequent drinkers in a dementia-free population would be somewhat overestimated.
The mechanisms behind the association between alcohol drinking and cognitive functions are not known. The fact that alcohol drinking especially influenced measures of psychomotor speed, episodic memory, and executive function may suggest that white mater abnormalities would play a role [39] . In fact, alcohol drinking has been associated with fewer brain infarcts and was shown to have a U shape relationship with white matter lesions [40] . White matter changes and infarcts, in turn, may reflect a vascular mechanism responsible for the observed association between alcohol and cognitive functions [41] . Alcohol has a beneficial effect on several cardiovascular risk factors, including hypertension, lipid and lipoprotein levels, and inflammatory and hemostatic factors [42] , some of which are possible risk factors for poor cognitive function and dementia [43] . In our study, we adjusted the analyses for several cardiovascular risk factors and diseases, but we did not have information on all factors. In addition to cardiovascular effects, moderate amounts of alcohol could also act directly by releasing acetylcholine in the hippocampus [44] , thereby affecting cognitive functions. Some studies have proposed that the protective effect of alcohol would be due to the effect of specific antioxidant substances in wine [45] . This can hardly explain the results obtained in our study, since the most typically consumed alcohol types in Finland at the time of the study were beer and spirits. Further, the associations found for specific alcohol types showed no clear pattern for one type being better than others.
Curiously, we found that the effect of drinking appeared almost exclusively among the nonsmokers, and there were statistical interactions between smoking and alcohol for episodic memory and psychomotor speed. Smoking is associated with increased oxidative stress [46] , has a deleterious effect on cerebral vasculature and circulation [47] , and increases the risk of stroke [48] . Thus one could hypothesize that these factors cancel the possible benefits of alcohol among the smokers. Another hypothesis is that perhaps there were more heavy drinkers among the smokers, and, therefore, the negative effects of heavy drinking would lead to nonsignificant results among the smokers. Further, it is also possible that we observed no effect among the smokers due to too few smokers among the never drinkers.
The study has several strengths: First, there are population-based data with high participation rates which increases the reliability of the results. We had the advantage to have the information on alcohol drinking both at midlife and in late life. This permits us to investigate whether the effect of alcohol is the same at different time points in life. Also, we had the possibility to investigate whether a change in the drinking frequency is associated with cognitive functions. Furthermore, we had data on several domains of cognitive function which has been the case in only a few previous studies. The limitation of most studies concerning alcohol consumption is the reliability of the alcohol consumption data. Our analyses are based on self-reporting of the subjects, and it is likely that some subjects had drunk more alcohol than what they reported. However, this should bias our results only, if the difference between actual and reported alcohol consumption was depending on the cognitive function of the subjects. At the time of the midlife assessment, we assumed that most of our subjects were cognitively fairly intact. Thus at least the analyses of midlife alcohol consumption and of late-life cognition would not be biased by errors in reporting of the alcohol consumption. It would have been interesting to study whether alcohol drinking is associated with changes in cognitive performance over time, but unfortunately we did not have information on participants' cognitive performance at baseline. In the subanalyses among ApoE4 carriers, and among men, as well as in the analyses of beverage-specific differences and in the interaction analyses, we may have had negative results due to insufficient power. The fact that we showed differences according to alcohol drinking frequency in some domains of cognitive function but not in others may be due to true differences in associations, but may be partially accounted for also by the fact that some of the tests (e.g., MMSE) were less sensitive to detect differences. Finally, the differences in the test results between the groups with best and poorest performance were not very large. All participants were nondemented, and their cognitive functioning thereby within normal limits. It is difficult to estimate what is the impact of such small cognitive differences in an individual's quality of life.
Our results indicate that alcohol drinking both at midlife and in late life may be associated with several cognitive functions, including episodic memory, executive function, and psychomotor speed, in late life. However, the mechanisms that convey the effect of alcohol on cognitive functions are not known, and why certain groups (nonsmokers) get more benefit from moderate alcohol drinking than others remains to be investigated. Furthermore, we cannot exclude the possibility that it would not be the effect of alcohol per se, but that other social and lifestyle-related factors that go together with certain drinking habits are the reason behind the favorable association between alcohol drinking and cognition. We agree with the previous conclusions that there is no indication that moderate alcohol drinking would be harmful to the cognition. However, at the moment, it is not possible to define a specific beneficial level of alcohol intake in relation to cognitive functions. Taking into account the well-known harms related to heavy alcohol drinking and the lack of long-term follow-up studies or randomized controlled trials with consecutive assessment of changes in various cognitive domains, it would be too early to recommend alcohol to nondrinkers.
